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Abstract.  Declared honeydew honey samples from different counties of Transylvania were screened for 
total phenolic content by a modified Folin-Ciocalteu method and for their potential antioxidant activity using 
three different spectrophotometric methods: 1,1-diphenyl-2-picrylhydrazyl (DPPH) method, ferric reducing 
antioxidant power (FRAP) and Trolox equivalent antioxidant activity (TEAC). The results of the study showed 
that not all the declared honeydew honey samples, correspond to the EU standard for honeydew honey, and they 
can be divided in three groups: honeydew honeys, mixture of honeydew and multifloral honey and multifloral 
honey. Total phenolic content and antioxidant activity of the honey are not strongly correlated parameters they 
differ widely among honey type. Phenolic content expressed as gallic acid equivalents ranged from 33,42 to 
286,6 mgGAE/100g in the analyzed samples. Antioxidant activity presents the highest values in real honeydew 




In the recent years there has been an increasing interest in determination of the 
antioxidant activity of honey. Many authors demonstrated that honey serves as a source of 
natural antioxidants, which are effective in reducing the risk of heart disease, cancer, immune-
system decline, different inflamatory processes etc. (Taormina & al., 2001; National Honey 
Board, 2003). 
The components in honey responsible for its antioxidative effect are flavonoids, 
phenolic acids, ascorbic acid, catalase, peroxidase, carotenoids and Maillard reaction 
products. The botanical origin of honey has the greatest influence on its antioxidant activity, 
several studies showed that antioxidant activity is strongly correlated with the content of total 
phenolics (Aljadi & Kamaruddin, 2004; Al-Mamary & al., 2002; Beretta & al., 2005; Blasa & 
al., 2006; Gheldorf & Engeseth, 2002; Meda & al., 2005) and with the colour of honey 
(Berreta & al., 2005; Frankel & al., 1998). 
Several methods are suitable for assesing the antioxidant activity of honey: FRAP assay 
(ferric reducing antioxidant power), the DPPH (1,1-diphenyl-2-picrylhydrazyl) method, 
ORAC (oxigen radical absorbance capacity), TEAC (Trolox equivalent antioxidant 
activity)(Berreta & al., 2005; Blasa & al., 2005; Aljadi & Kamaruddin, 2004). The problem is 
that even when researchers use the same method, the results are hard to compare, becouse 
everyone make modifications of the original method. It would be very helpful to standardize 
these methods, to have a comparison term of the results obtained. This can be achieved by 
using a combination of antioxidant tests, comparative analysis and statistical evaluation 
(Beretta & al., 2005).   
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The main objective of this study was to evaluate the polyphenolic content of some 
declared honeydew honeys from Transylvania and to measure the antioxidant capacity of the 
same samples, with three different spectrophotometric methods (DPPH, TEAC and FRAP).   
 
 MATERIAL AND METHODS   
 
Honey samples 
Honeydew honey samples from different counties of Transylvania were purchased from 
the open market, directly from the beekeepers and from supermarket. 28 declared honeydew 
samples were investigated for their polyphenolic content and antioxidant capacity, using three 
different methods.  
Procedures 
The Folin-Ciocalteu method (Singlenton, Orthofel  & Lamuela-Raventos, 1999) with 
minor modifications was used to determine total phenolic content. 5 g honey was diluted to 
100 ml with methanol. The Folin-Ciocalteau reagent (0.2 N) was added to 25 µL of honey 
solution and mixed for 5 min. After the addition of sodium carbonate solution the resulting 
mixture was incubated for 2 h. The absorbance at 760 nm was then measured against a 
methanol blank, on the Microplate Reader Synergy with 96-well plates (BioTek Instruments, 
Inc., P). A standard curve of gallic acid was created using an adequately range of gallic acid 
solutions from 1 to 25 µg/mL. The results were expressed as Gallic Acid Equivalent (mg of 
gallic acid equivalents per 100 g honey).  
The three methods used in order to measure the antioxidant capacity of honeys were: 
DPPH, FRAP and TEAC assays. 
Radical scavenging activity (H/e transferring ability) of a 5% honey solution against 
2,2-diphenyl-1-picrylhydrazyl radical (DPPH) was evaluated spectrophotometrically, using 
the method of Brandt-Williams (1995) with minor modifications. Briefly, an aliquot of honey 
solution was mixed with 200 µL DPPH solution (0.02 mg/mL).  Samples were kept for 15 
min at room temperature and then the absorbance was measured at 517 nm against a blank. 
The extent of inhibition of the sample was calculated by the ratio of the decrease of 
absorption of the DPPH-honey solution to the absorption value of the reference sample, 
according to the formula:  
PI (% inhibition) = [A0 – A/A0] x 100 
with A0 the absorbance of the blank solution and A  the absorbance of the sample. 
In the presence of an antioxidant, the purple colour of DPPH decays and the change in 
absorbency can be measured spectrophotometrically at 517 nm. The extent of inhibition of the 
sample was then compared with a standard curve made from the corresponding readings of 
Trolox (0.4-0.04 mM). The radical scavenging activity was expressed as mmol Trolox/100 g 
honey. 
Trolox Equivalent Antioxidant Capacity Assay (TEAC), followed the method of Re et 
al. (1999) with some modifications. The ABTS•+ cation radical was produced by the reaction 
between 7 mM ABTS solution and 2.45 mM potassium persulfate solution, stored in the dark 
at room temperature for 16 h. Before usage, the ABTS•+ solution was diluted to get an 
absorbance of 0.700 ± 0.025 at 734 nm with ethanol. Fresh ABTS•+ solution was prepared for 
each assay. For the assay the resulting solution was mixed with 17 µL of honey solution. The 
absorbance was read at 30 °C after 6 min. Trolox (0 – 0,5 mg/ml) was used for Inhibition 
Percentage versus Concentration curve (r2=0,9969). Results were expressed in mg of 
equivalent Trolox/100 g (mmol Trolox/100 g honey). 
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Total antioxidant potential of the sample was evaluated using the Ferric Reducing 
Ability Assay (FRAP), to measure “antioxidant power” (Benzie & Strain, 1996). At low pH, 
reduction of Fe III – TPTZ complex to Fe II in the presence of an antioxidant, can be 
monitored by measuring the absorption at 593 nm. The working FRAP reagent was prepared 
by mixing 10 mL of 300 mmol/L acetate buffer pH 3.6 (3.1 g sodium acetate x 3H2O and 16 
mL con. acetic acid per liter), with 1 mL of 10 mmol/L TPTZ (2,4,6-tripyridyl-s-triazine) in 
40 mmol/L hydrochloride acid and 1 mL of 20 mmol/L ferric chloride solution in distilled 
water. All solutions were used on the day of preparation. The sample consisted in 300 µL ml 
FRAP reagent, 10 µL of honey solution and 30 µL deionized water, in order to obtain a final 
dilution of the sample in the reaction mixture of 1:34. The sample was incubated at 37°C 
throughout the monitoring period (4 min). The antioxidant capacity of the samples under 
study was calculated with reference to the reaction signal given of by a Fe2+ solution of 
known concentration (0.1-1 mmol/L of FeSO4x7H2O). The results were corrected for dilution 
and calculated using a standard calibration curve (r2=0.9965) and expressed as FRAP value 
(mmolFeII /100 g honey).  
 
   RESULTS AND DISCUSSIONS  
 
According to physico-chemical and melisopalinological analysed performed to the 
analysed samples, we could divide them into three groups: real honeydew honeys (code: MM-
31; MM-36; MM-43; MM-46; MM-64; MM-65; MM-66), mixture of honeydew and 
multifloral honey (MM-29; MM-33; MM-34; MM-35; MM-37; MM-42; MM-47; MM-51; 
MM-52) and multifloral honeys (the remaining 12 samples).  
Table 1 present the total polyphenolic content, DPPH, TEAC and FRAP values for 
antioxidant activity measurement.  
Table 1 
Total polyphenolic content and antioxidant activity of analysed samples,  
evaluated by three different spectrophotometric methods 
 







1 MM 28/Beekeeper Cluj 57,93 1,129 1,190 1,946 
2 MM 29/Beekeeper Mures 67,45 1,512 2,229 2,731 
3 MM 30/Beekeeper Arad 70,03 0,690 1,956 2,428 
4 MM 31/Beekeeper Cluj 59,55 1,020 2,421 2,139 
5 MM 32/Beekeeper Satu Mare 77,14 1,324 2,762 3,708 
6 MM 33/Beekeeper Arad 60,10 0,949 2,010 2,194 
7 MM 34/Beekeeper Mures 76,22 1,152 2,243 2,325 
8 MM 35/Beekeeper Arad 44,00 0,874 1,750 2,386 
9 MM 36/Free Market Brasov 53,91 1,117 1,362 2,208 
10 MM 37/Free Market Cluj 33,42 0,477 0,394 0,996 
11 MM 38/Free Market Cluj 64,82 2,668 0,745 2,675 
12 MM 39/Free Market Bistrita 64,01 0,973 1,110 1,494 
13 MM 40/Beekeeper Covasna 40,00 0,360 0,639 0,770 
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14 MM 41/Beekeeper Bistrita 203,93 0,505 0,710 1,283 
15 MM 42/Beekeeper Cluj 139,27 0,269 0,465 0,392 
16 MM 43/Beekeeper Cluj 193,27 0,595 0,587 0,724 
17 MM 44 /Beekeeper Maramures 143,93 0,462 1,368 0,377 
18 MM 45/Beekeeper Cluj 175,93 0,339 0,926 0,302 
19 MM 46/Supermarket Alba 286,60 0,921 2,778 3,365 
20 MM 47/Beekeeper Mures 167,27 0,537 2,012 1,615 
21 MM 48/Beekeeper Mures 137,27 0,341 0,840 0,739 
22 MM 49/Beekeeper Mures 43,81 0,550 1,576 2,233 
23 MM 50/Beekeeper Mures 44,53 1,282 1,871 2,971 
24 MM 51/Beekeeper Mures 39,63 0,646 2,036 2,311 
25 MM 52/Beekeeper Mures 38,56 0,721 1,631 2,252 
26 MM 64/Supermarket Alba 248,00 0,634 3,651 6,505 
27 MM 65/Supermarket Alba 196,00 0,588 2,581 3,735 
28 MM 66/Supermarket Alba 224,00 0,611 2,716 3,230 
 
From the declared honey samples, 7 samples were found to be honeydew honey, 9 
samples mix of honeydew and multifloral honey and 12 samples were multifloral. The content 
of total polyphenols for honeydew honey ranged between 53,91 and 286,6 mgGAE/100 g; in 
mix honey between 33,42 and 167,27 mgGAE/100 g and for multifloral honey between 40,0 
– 175,93 mgGAE/100 g. 
Figure 1 (a, b) present the comparison between the antioxidant activity for honeydew 



























    (a)                                                                                  (b) 
Fig. 1 Comparison between antioxidant assays in analyzed honeydew (a) and mix honeys (b) 
  
Correlations between antioxidant activity and total polyphenol content have been 
described previously for some types of honey (Gheldorf  & Engeseth, 2002; Al Manary & al., 
2002). In our study the evaluation of 28 Romanian honeys, divided in three groups 
(honeydew, mix and multifloral honeys), showed a positive correlation between total 
polyphenol content and each one of the antioxidant methods used.  
The correlation obtained between total polyphenolic content and radical scavenging 
activity in honeydew honey and in mix honey (Fig.2 a,b) suggests that the phenolic 
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compounds are only partly responsible for the antioxidant effects of honey, and other factors 
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(a)                                                                         (b) 
Fig. 2 Correlation between total polyphenolic content and radical scavenging activity of honeydew (a)  




 In conclusion, honeydew honey showed the highest content of total polyhenols, the 
highest radical scavenging activity, Trolox equivalent antioxidant capacity and total 
antioxidant potential from all the analysed samples. The low correlation between these 
parameters demonstrates that not only the polyphenolic content in responsible for the 
antioxidant activity of honey, but the profile of flavonoids and phenolic acids contained. 
Further studies are necessary for identification and quantification of these biomolecules to 
explain entirely the antioxidant activity of different types of honey. 
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